Pseudo- and segmental occlusion of the internal carotid artery: A new classification, surgical treatment and results  by Kniemeyer, H.W. et al.
Eur J Vasc Endovasc Surg 12, 310-320 (1996) 
Pseudo- and Segmental Occlusion of the Internal Carotid Artery: 
A New Classification, Surgical Treatment and Results 
H.W. Kniemeyer .1, A. Aulich 2, F. SchlachetzkP,  H. Steinmetz 2 and W. Sandmann 1 
1Clinic of Vascular Surgery and Kidney Transplantation, 2Dept. of Radiology and 3Department of Neurology, 
Heinrich-Heine University, Duesseldorf, Germany 
Objectives: Occluded internal carotid arteries imply a high risk of ischaemic omplications, but an "occluded" carotid 
artery is not always totally occluded. Pseudo- and segmental occlusions can be detected angiographically, and increasingly 
non-invasively, and include a variety of morphologic findings. 
Methods and Materials: 128 patients with pseudo- or segmental occlusion were treated in a 13 year period. Three 
different ypes of pseudo- or segmental occlusion were identified. In most cases a subtotal stenosis (near-occlusion) at the 
carotid bifurcation is the underlying lesion (type I). In approximately 35% the internal carotid artery is totally occluded 
at the bifurcation, but collaterals prevent downstream occlusion (type II), or retrograde flow from the circle of Willis and 
ophthalmic artery preserves a patent petrous part and siphon (type III). 
Results: In 79% patency of the arteries could be restored. Three patients (2.3%) died perioperatively, nine (7%) developed 
ischaemic stroke (7 ipsilateral, 2 contralateral), one intracerebral haemorrhage. The combined stroke-mortality rate was 
8.6%. During follow-up (41 + 29.9 months)four patients (4.5%) experienced a stroke (3 ipsilateral, 1 contralateral), one 
an intracranial (1.1%) haemorrhage and six transient ischaemic attacks (6.7%). The annual ipsilateral stroke rate was 
0.9%, the cumulative patency rate of the entire series 78% after 73 months. 
Conclusions: Although the surgical management carries an increased risk of complications ( troke, transient ischaemic 
attacks) compared to conventional carotid endarterectomy it is likely that the stroke risk can be reduced at least for 
symptomatic patients. Symptomatic nternal carotid artery occlusion diagnosed non-invasively should be confirmed 
angiographicaUy toexclude pseudo- or segmental occlusion. 
Key Words: Carotid artery pseudo-occlusion; Carotid artery segmental occlusion; Carotid artery occlusion; Carotid 
endarterectomy. 
Introduction 
Internal carotid artery (ICA) occlusion is usually 
regarded as an end-stage process without further 
options for extracranial reconstruction. Efforts to 
restore blood flow in acutely occluded internal carotid 
arteries have led to high morbidity and mortality, 
especially in patients with acute or progressive 
stroke.l-SAlthough some authors have reported sat- 
isfactory results in subgroups of patients without 
neurological deficits, 4 surgery has on the whole been 
abandoned as a treatment for established internal 
carotid artery occlusion as well as for acute occlusion. 
The nature of these occluded arteries was thought o 
be stable and without further risk of embolisation. 
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However, several studies have shown that, contrary to 
widespread belief, a totally occluded ICA implies a 
high risk of ischaemic complications. The annual 
ipsilateral stroke rate varies between 2 and 10%. 3'5-11 
Patients with high-grade (> 90%) ICA stenoses are 
therefore now generally regarded as candidates for 
carotid thrombendarterectomy to prevent occlusion. 
The annual ipsilateral stroke risk of patients after 
successfully performed carotid thrombendarterect- 
omy (TEA) varies from 1% to 3%. 12-17 
Occasionally pseudo-occlusion of the ICA is 
detected incidentally on angiography despite non- 
invasive evidence of total occlusion. Many of these 
patients present with ischaemic symptoms. Using an 
appropriate angiographic technique a patent petrous 
part, delayed visualisation of the distal ICA, or a 
subtotal stenosis of the carotid bifurcation can be 
identified. Success in the early 1980s in restoring blood 
flow in a few of our patients with initially diagnosed 
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total occlusion of the ICA, after incidentally finding 
that the ICA was patent, led us to perform careful 
angiographic examination of patients with non-inva- 
sively diagnosed occlusion of the ICA to exclude 
"pseudo'-occlusion. This report summarises our 
experiences in patients with "segmental"- and 
"pseudo'-occlusion f the ICA. 
Methods and Materials 
The angiograms of patients treated surgically for 
segmental and pseudo-occlusion of the ICA were 
studied retrospectively. Since 1984 arteriography in
our institution was performed using a modified 
technique recommended by Countee and Vijayana- 
18 than. This technique consists of selective catheterisa- 
tion or direct puncture of the common carotid arter~ 
prolonged injection of contrast medium and pro- 
longed lateral filming with visualisation of the carotid 
bifurcation, the petrous part and the siphon. Nowa- 
days, using digital substraction angiography (DSA), 
the identification ofpseudo- and segmental occlusions 
is simplified. 
Classification 
The angiographic results were compared with intra- 
operative findings and lead to a new classification 
with three categories of pseudo- and segmental 
occlusion: 
Type I: subtotal stenosis with delayed, but orthog- 
fade filling of the entire ICA. 
Type II: total occlusion of the ICA at the carotid 
bifurcation, but delayed orthograde filling 
of the cervical portion and the siphon via 
atypical collaterals of the proximal ICA 
(not always detected angiographically!). 
Type III: no visualisation of the cervical ICA, but 
patent petrous part and siphon, due to 
retrograde filling of the ICA via the Circle 
of Willis and opthalmic artery. 
Type I is defined as pseudo-occlusion, as it repre- 
sents a subtotal stenosis, while type II and type III are 
termed as segmental occlusions. Occasionally it is 
difficult to differentiate angiographically between a 
type I and type II lesion. In most cases of type I a 
thread of contrast material is visualised in late 
sequences atthe carotid bifurcation when the contrast 
filling of the external carotid branches i already over. 
In type II segmental occlusion the central carotid- 
stump, the external branches and the filling of the ICA 
mainly via the Circle of Willis visible 
simultaneously. 
Surgical strategy 
Depending on the type of pseudo- or segmental 
occlusion simple TEA of the carotid bifurcation with 
saphenous vein patch plast~ vein graft interposition 
or occasionally igation of the ICA was performed. In 
some cases with type III segmental occlusion the 
carotid bifurcation was only explored. If the 1CA had 
to be ligated, TEA and vein patch plasty of the 
external carotid artery was performed. 
In order to reduce the perioperative stroke risk the 
following strategy was employed: 
1. ICA with a normal-size lumen and backflow 
with or without clot: expression of the clot from 
the distal part of the ICA followed by carotid 
TEA. 
2. Hypoplastic ICA with a lumen and weak back- 
flow: insertion, gentle inflation and careful with- 
drawal of a 2-French Fogarty catheter. If this was 
followed by vigorous backflow and occasional 
fresh clots then carotid endarterectom)~ but if 
there was weak backflow then ligation or clip- 
ping of the ICA. 
3. Hypoplastic ICA with organized fibrous clot, 
weak or no backflow: insertion, inflation and 
gentle withdrawal of a 2-French Fogarty catheter. 
If increased backflow and angiography showed a
normal sized distal lumen then vein graft inter- 
position or thrombendarterectomy. If no increase 
in backflow then ligation or clipping of the 
ICA. 
Material 
From 1982 to 1994, 128 patients (101 male, 27 female, 
mean age 60.6 years, range 43-77) underwent surgical 
treatment for pseudo-or segmental occlusion of the 
ICA (62 right, 66 left). Contralateral involvement of 
the ICA was present in 60 (46.9%) patients (remote or 
recent stroke 8, transient ischaemic attack (TIA) 11 
cases), of whom 28 (21.9%) had significant ICA 
stenosis (>80%) and nine (7%) ICA occlusion. The 
contralateral ICA was treated surgically in 23.4% (30) 
of the patients, as a preceeding procedure in 10 cases 
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(7.8%), shortly after treatment of the segmental or 
pseudoocclusion i 20 patients (15.6%). Ipsilateral 
ischaemic symptoms related to the side of pseudo- or 
segmental occlusion in 84.4% (stroke 46.1%, TIA 
38.3%) led to intensified iagnostic investigations and 
detection of pseudo- or segmental occlusion. (7 
patients presented with progressive stroke). All 
patients had one or more risk factors (hypertension 
71%, diabetes 25%, hyperlipidaemia 44.5%, coronary 
heart disease 40.6%, previous myocardial infarction 
19.5%). All patients were examined by a neurologist. 
Cerebral angiography was performed routinely 
after non-invasive Doppler and colour-coded imaging 
to visualise the lesion and the collateral pathways. In 
no patient did an angiography-related complication 
occur. Eighty-one (63.3%) of the lesions were classified 
as type I, 13 (10.2%) as type II and 34 (26.6%) as type 
III. In at least wo of the symptomatic patients a 
floating thrombus was identified at the petrous part or 
siphon (Fig. 4). In one patient a type I pseudo- 
occlusion had been diagnosed at an outside hospital 3 
months previously. The lesion had been regarded as 
untreatable and anticoagulation was started. When 
the patient was admitted, he presented with type III 
segmental occlusion. Unfortunately there was no 
backflow from the petrous part of the ICA and the 
artery was ligated. This case underlines that type I and 
type III occlusions imply represent different stages in 
the progression of the atherosclerotic disease towards 
total occlusion. 
Thrombendarterectomy (TEA) of the carotid bifur- 
cation was performed in 82% (n = 105), saphenous 
vein graft interposition i  5.5% (n = 7). Ligation of the 
ICA could not be avoided in 12.5% (n = 16) mostly in 
type III segmental occlusion (Table 1). 
Results 
Three (2.3%) patients died perioperatively (30 days). 
Fig. 1. Pseudo-occlusion type I, merely a subtotal occlusion of the ICA with orthograde filling in late sequences. 
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Fourteen (10.9%) patients experienced neurologic 
symptoms, nine suffered an ischaemic stroke (6 
ipsilateral, 2 contralateral, 1 brainstem), one an intra- 
cerebral haemorrhage, four a TIA. One ICA in a 
female patient with an iatrogenic av-fistula was 
occluded using a detachable balloon. The overall 
perioperative stroke rate (+ 1 haemorrhage) was 
7.8%, the mortality rate 2.3% (pulmonary artery 
Fig. 2 
embolism, intracerebral haemorrhage, extensive 
hemisperic stroke), the combined stroke-haemor- 
rhage-mortality rate was 8.6% (Table 2). Eight carotid 
arteries (6.2%) occluded in the early postoperative 
period and 78.9% (n = 101) of the arteries operated 
upon were patent at discharge (Table 3). 
Follow-up information could be obtained for 89 
patients (mean follow-up time: 41.4 + 29.9 months). 
Fig. 2.(a) Segmental occlusion type II, retrograde flow via atypically originating ascending pharygeal rtery (two arrows), in late sequences 
orthograde filling of the ICA close to the bifurcation (arrow). (b) Intraoperative finding in segmental occlusion type II, longitudinal incision 
of the ICA, external carotid artery clamped, backflow f the ICA blocked with a dilator, atypically originating ascending pharyngeal rtery 
(arrow), same case as (a). 
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22 had died (19 after discharge), 19 patients (14.8%) 
were lost to follow up, and eight were only treated 
within the last 6 months. Late follow-up examinations 
(clinical and ultrasound) were performed in 79 
patients (61.7%). Two arteries had occluded (1 month, 
23 months) and 65 (82.3%) were patent. Twelve 
(13.5%) out of 89 patients (including 10 patients who 
had died from known causes) had experienced cere- 
bral events (Table 4). Three out of four strokes and six 
out of seven TIA occured ipsilateral to the treated ICA. 
The ipsilateral annual stroke rate was 0.9% and the 
TIA rate 1.8%. In all patients with ipsilateral stroke the 
ICA was found to be patent without restenosis. 
Cumulative patency rates 
The cumulative patency rate for all patients with 
pseudo- and segmental occlusions was 78% after 73 
months. The patency rate for type I occlusions (89%) 
was better than for type II (64%) and type III (57%), 
which is understandable, as in type II and III occlu- 
sions exploration of the carotid bifurcation and liga- 
tion of the ICA had been performed more often (Fig. 
5). 
Discussion 
Chronic occlusion of the ICA is a condition not 
suitable for extracranial vascular surgery. However, an 
ICA diagnosed as "occluded" is not always totally 
occluded and can cause further ipsilateral hemispheric 
symptoms. Using improved and modified radiological 
techniques and modern technical facilities it became 
obvious that a non-invasively diagnosed or even a 
Fig. 3. Segmental occlusion type III, angiographically occlusion of the cervical ICA, in late sequences filling of the perous part and 
siphon. 
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long-term occluded ICA might occasionally be found 
to be patent not only in the petrous part of the artery. 
These cases have been classified as "pseudo-occlu- 
sion", "segmental occlusion" or "nearly occluded 
ICA'. Specific angiographic signs were identified, 18'19 
including the "string sign" first published for ICA 
dissection, picked up in 1976 by Ehrenfeld and Wylie 
and today most often used and the "slim sign" 
reported by Lippman et a/. 2°-22 Due to subtotal 
stenosis or collateral blood flow the petrous part and 
siphon of the ICA can remain patent. Delayed stroke 
on the side of pseudo- or segmental occlusion may be 
due to emboli arising from the extracranial ICA stump 
via external collateral vessels 23 or the "tail" of a 
thrombus distal to the ICA occlusion. 24 
With conventional plane film angiography these 
Fig. 4. Type I pseudo-occlusion with floating thrombus in the petrous part (arrow), removed thrombus material, postoperative 
angiogram. 
Table 1. Classification and corresponding surgical treatment. Exploration of the ICA and patch-plasty of the ECA was performed in 30Y, 
of type III segmental occlusion. One ICA with angiographically diagnosed type I pseudoocclusion was found to be thrombosel 
intraoperatively 
Pseudo-occlusion Type I (n=81) Type II (n=13) Type III (n=34) Total (n=128) 
Thrombendarterectorny* 74 (91.3%) 10 (76.9%) 21 (61.8%) 105 (82.0%) 
Vein graft interposition 2 (2.5%) 2 (15.4%) 3 (8.8%) 7 (5.5%) 
Ligation of the ICA ~ 5 (6.2%) 1 (7.7%) 10 (29.4%) 16 (12.5%) 
*Combined with vein patch plasty. 
tMostly combined with ECAreconstruction. 
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Table 2. Complication rate following surgical therapy of pseudo- and segmental occlusion of the ICA, combined stroke-haemorrhage 
mortality rate 7.8% 
Pseudo-occlusion Type I (n=81) Type II (n=13) Type III (n=34) Total (n=128) 
Mortality* 1 (1.2%) - 2 (5.8%) 3 (2.3%) 
Stroke 7 (8.6%) 1 (7.7%) 1 (2.9%) 9 (7.0%) 
-stroke ipsilateral 5 (6.1%) - 1 (2.9%) 6 (4.7%) 
- stroke brainstem 1 (1.2%) - - 1 (0.8%) 
- stroke contralateral 1 (1.2%) 1 (7.7%) - 2 (1.6%) 
- haemorrhage 1 (1.2%) - - 1 (0.8%) 
TIA 3 (3.7%) 1 (7.7%) - 4 (3.1%) 
-ipsllateral 2 (2.5%) 1 (7.7%) - 3 (2.3%) 
-contralateral 1 (1.2%) - - 1 (0.8%) 
*Pulmonary artery embolism, cerebral haemorrhage, stroke. 
types  of  ICA  occ lus ion  were  f requent ly  over looked  
and  there fore  o f ten c lass i f ied as tota l  occ lus ions.  A 
spec ia l  ang iograph ic  manoeuver  w i th  a de layed  
sequence  techn ique  permi t ted  ident i f i ca t ion  of  late 
o r thograde  or  re t rograde  f i l l ing of the  s iphon  and  of 
the  ext racran ia l  ICA  c lose to the  skul l  base.  ls L ike 
o thers  25 we are conv inced  that  the  ang iograph ica l ly  
v i sua l i sed  co l latera l  f i l l ing in  pat ients  w i th  segmenta l  
Table 3. Early results after treatment of pseudo- and segmental 
occlusion of the ICA 
Patients 128 
Perioperative mortality 3 2.3% 
Ligation of ICA 16 12.5% 
Postoperative occlusion 8 6.2% 
- asymptomatic* 4 3.1% 
- TIA-^t 1 0.8% 
- stroke ~ 3 2.3% 
ICA patent at discharge 101 78.9% 
*In one patient with av-sinus cavernosus-fistula occlusion of the IC~ 
by a detachable balloon. 
tInduded in Table 2. 
Table 4. Late follow-up results, mean follow-up 41.1 _+ 29.91 
months, annual ipsilateral stroke rate 0.9%, annual ipsilateral TIA 
rate 1.8 % 
Patients 128 
Early and late mortality 22 17.2% 
Lost for follow-up 19 14.8% 
6 months after operation 8 6.3% 
Clinical and ultrasound examination 
- ICA patent 
- ICA closed during follow-up 
- ICA closed, ligated intraoperatively 
- ICA closed perioperatively 
79 61.7% 
65 82.3% 
2 2.5% 
9 11.4% 
3 3.8% 
Follow-up information available 89 69.5% 
Cerebral events 12 13.5% 
- stroke ipsilateral* 3 3.4% 
- stroke contralateral t 1 1.1% 
- haemorrhage contralateral ~ 1 1.1% 
- TIA ipsilateral$ 5 5.6% 
- TIA bilateral 1 1.1% 
*ICA patent in all cases. 
tIpsilateral ICA ocduded. 
$ICA patent in three patients. 
100 ~73 
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Fig. 5. Cumulative patency in 128 patients with segmental-or pseudocclusion of the ICA, according to the type of occlusion. (©) type I 
(n = 81); (@) type II (n = 13); (D) type III (n = 34). 
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occlusion does not in all cases reflect the true 
dimension, especially not the extent of the patent 
cervical ICA. Retrograde filling downstream from the 
carotid bifurcation depends on pressure gradients, 
turbulences and dilution of the contrast medium. 
Modern DSA simplifies the identification of these 
pseudo- and segmental occlusions of the ICA as 
smaller and more highly diluted amounts of contrast 
media can be detected. The above described technique 
by Countee and Vijayanathan is our standard proce- 
dure in patients with non-invasively diagnosed ICA 
occlusion undergoing cerebral angiography and in 
patients with symptoms related to the side of a 
presumed ICA occlusion. It is well known, that the 
stroke rate of cerebral angiography ranges between 1
and 2% 26 but fortunately no patient of this series 
suffered a serious ischaemic erebral complication. 
A classification of ICA pseudo- and segmental 
occlusion was attempted by Archie. 27 On the basis of 
pathologic intraoperative or anatomic findings, the 
author defined six different categories in 17 patients 
with 18 operations, including diameter and fibrotic 
reaction of the ICA, plaque and extent of thrombus. 
The classification presented here, based on the ana- 
tomic location and the extent of the "pseudo"- or 
"segmental" occlusion including collateral pathways, 
is simple and easier to understand. Based on delayed- 
film DSA and intraoperative findings we propose 
three types of "segmental" or "pseudo'-occlusion, 
depending on the location of the atherosclerotic lesion 
and collateral blood flow. Besides filling of the siphon 
via the ophthalmic arter~ often combined with more 
extensive occlusion of the ICA (type III), in approx- 
imately 10% the angiographic findings indicated 
filling of the cervical ICA via an ascending pharyngeal 
or other unspecified artery (collateral from the verte- 
bral artery via the occipital artery) originating atyp- 
ically from the ICA 2-4 cm distal to the carotid 
bifurcation (type II). This was confirmed intraoper- 
atively (Fig. 2b). The atypical origin of the pharyngeal 
artery from the ICA has occasionally been reported. 2s
Whereas type I and type III can be regarded as 
different stages in the time course progressing 
towards total ICA occlusion, these type II will proba- 
bly remain patent in most cases. 
Type III segmental occlusion may include cases of 
recent ICA occlusions as well as chronic conditions. 
Several authors underline that a recently occluded 
ICA can be treated surgically in many cases and 
25 29 32 patency can be achieved in 50-60%. • - Hugenholtz 
and Eglie 32 performed a grading of ICA collateral 
supply (5 grades) and pointed out that, in cases with a 
patent petrous part, patency of the ICA can be restored 
in approximately 50%. Depending on the age of the 
thrombus the treatment can be very simple. Fresh clots 
are flushed out by the backflow after TEA of the 
carotid bifurcation or can be easily removed with a 
gently withdrawn small Fogarty catheter. Occasion- 
ally, however, aweak backflow or a hypoplastic ICA is 
found, sometimes filled with a fibrous organised clot. 
These cases have to be treated extremely carefully, and 
the better treatment may be ligation of the ICA to 
prevent stroke or TIA from thrombus formation at a 
distal intimal flap after TEA. The high risk was 
identified in 12.5% of the cases of the whole series and 
in 29% of the patients with type-III-occlusion~ A safe 
reconstruction a d restoration of patency could not be 
achieved and ligation of the ICA was performed, 
mostly combined with a vein patch plasty of the ECA. 
In cases of a weak backflow no vigorous attempts 
have to be performed to restore patency of the artery. 
Once the clots have propagated up to the siphon 
surgical treatment is no longer appropriate. 
In several of our cases with type III occlusion with 
patent petrous part and siphon, a chronic occlusion 
was found intraoperatively. In these cases no, or weak, 
backflow could be established and the ICA was 
therefore ligated. Apart from collateral flow via the 
ophthalmic arter~ other atypical collaterals may be 
responsible for keeping the petrous part patent. The 
intracavernous branches of the ICA may serve as 
collateral vessels. They can be remnants of the 
embryonic arteries due to incomplete regression or 
persistence 3~-3s (dural arteries, persistent hypoglossal 
arter~ persistent trigeminal artery). Up to now, there 
is no reliable diagnostic parameter in these cases to 
differentiate between chronic and acute occlusion of 
the non-visualised cervical ICA except he patient's 
history. If there have been recent ipsilateral hemi- 
spheric symptoms, acute occlusion can be assumed 
and exploration of the carotid bifurcation is indicated 
from our point of view. This easily explains the 
50-60% success rate following surgery of recently 
occluded ICA 29-32"36 and the number of ligated arter- 
ies in the type III segmental occlusions presented here. 
When we started to investigate the problem of 
pseudo-occlusion, all of our patients presented with 
acute ischaemic symptoms related to the side of 
presumed ICA occlusion. This rate is decreasing in 
recent years. Patients with an apparently occluded 
ICA are studied exactly non-invasively by Doppler 
ultrasound and Duplex examination, the angiograms 
are examined for discrete signs of pseudo- or segmen- 
tal occlusion (string sign, retrograde filling of the 
siphon). The number of identified and treated pseudo- 
and segmental occlusions is now steadily increasing 
(62 patients (48.4%) were treated within the last 5 
years) mainly because colour Doppler assisted Duplex 
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imaging has increased the sensitivity to detect slow 
residual flow in the distal ICA. 37 Thus man~ occasion- 
ally asymptomatic, type I pseudo- and type II segmen- 
tal occlusions are now found by non-invasive 
means, 38'39 whereas type III is detected angiograph- 
ically only. Angiography is, however, still necessary 
and is performed in all of our patients, because the 
collateral flow has to be known and several authors 
stress that non-invasive studies cannot distinguish 
reliably enough between pseudo-occlusion a d total 
occlusion. 4°-42 The accuracy of Doppler-ultrasound in 
detecting and differentiating total occlusion from 
pseudo-occlusion ranges between 75 and 85%, 39"41 but 
recent reports publish an increasing sensitivity in 
detecting slow residual flow by colour-coded Duplex 
imaging. 37,43-46 
The angiographic diagnosis of pseudo- and segmen- 
tal occlusions contains pitfalls and traps, which is well 
known for many years. 1s'19'40'47 Already in 1971, Clark 
et aI. 19 published different ypes of pseudo-occluded 
arteries and suggested that the following signs may 
indicate patency of segments of the ICA: 
1. Visualisation of a short proximal stump of the 
ICA with a tapered end beyond the carotid 
bifurcation. 
2. Visualisation of a small thread of contrast mate- 
rial corresponding to the course of the occluded 
vessel. 
3. Intracranial filling of the ICA by sources other 
than the ophthalmic artery. These angiographic 
findings correspond exactly to those of our type 
I and type III lesions. 
Surgical management is, from our point of view, the 
treatment of choice for a detected pseudo- or segmen- 
tal occlusion of the ICA, as most patients present 
hemispheric symptoms and a conservative manage- 
ment cannot prevent further embolisation. Most of the 
presented cases here were detected by careful diag- 
nostic work-up of patients with recent ischaemic 
hemispheric symptoms despite a noninvasively or 
even angiographically suspected ICA occlusion. In 
these cases embolisation will probably originate from 
the "stump" downstream of the occlusion which 
could be demonstrated in at least two of our cases 
with floating thrombus material in the petrous part of 
the ICA. (Fig. 4) In recent years an increasing number 
of asymptomatic patients have been detected probably 
due to increasing experience and high quality Duplex 
scanning. From our point of view surgery is indicated 
also for asymptomatic patients. We are convinced that 
type I and type III occlusion are only different steps in 
the progress towards total occlusion and those pres- 
ently asymptomatic patients carry the risk of a 
symptomatic occlusion and further ipsilateral hemi- 
spheric symptoms related to the totally occluded 
artery. Even if there is some doubt, attempts to 
establish the diagnosis of a pseudo- or segmental 
occlusion should be made, and in special cases 
exploration is justified to restore the patency of the 
artery if possible. However, surgery has to be per- 
formed extremely carefully and in some cases (hypo- 
plastic ICA, fibrous organised thrombus, weak back- 
flow) ligation may be the better treatment. The high 
rate of ischaemic omplications in our type I group 
may be explained by over vigorous efforts in previous 
years to restore blood flow. 
Up to now long term follow-up results after 
treatment of pseudo- or segmental occlusion of the 
ICA have not been available. Although this cohort 
carries an elevated risk of intraoperative stroke and 
TIA, the long term results with an annual ipsilateral 
stroke risk of < 1% underline that, in contrast to 
chronic ICA occlusion, a better prognosis can be 
expected. 
From our data we can conclude: 
1. Pseudo- or segmental occlusion of the ICA is not 
as rare as suspected. 
2. In patients with non-invasively suspected ICA 
occlusion and ipsilateral ischaemic symptoms 
further diagnostic attempts hould be performed 
to exclude segmental or pseudo-occlusion. 
3. High quality colour-flow Duplex scanning can 
detect ype I and II occlusions, but angiographic 
confirmation is still necessary for surgical 
intervention. 
4. Exploration of the ICA is indicated to prevent 
total occlusion. 
5. In selected cases ligation of the ICA is a better 
alternative than reconstruction. 
6. Long-term results after successful treatment of 
pseudo- or segmental occlusion of the ICA 
correspond to those after carotid 
thrombendarterectomy. 
The likely outcome of segmental and pseudo- 
occlusion of the ICA is progression to full-length 
occlusion. A substantial number of these patients 
suffer from ischaemic hemispheric symptoms 8 and a 
totally occluded artery implies a further high risk of 
annual cerebral complications. 3'~-11 Although, com- 
pared to conventional carotid endarterectom~ the 
surgical management carries an increased risk of 
perioperative ischaemic omplications, we think sur- 
gery is indicated. Vascular surgeons and neurologists 
should consider and exclude pseudo- and segmental 
occlusion of the ICA in patients with assumed total 
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occlusion who present with related ischaemic 
symptoms. 
References 
1 WYLIE EJ, HEIN ME ADAMS JE. Intracranial hemorrhage following 
surgical revascularization for treatment of acute strokes. J 
Neurosurg 1964; 21: 212-218. 
2 THOMPSON JA, PATMAN RD. Endarterectomy of the totally 
occluded carotid artery for stroke - Results of 100 operations. 
Arch Surg 1967; 95: 791-801. 
3 DEWEEsE JA. Management of acute stroke. Surg Clin North Am 
1982; 62: 467-472. 
4 THOMPSON JE, AUSTIN DJ~ PATMAN RD. Endarterectomy of the 
totally occluded carotid artery for stroke. Arch Surg 1967; 95: 
791-801. 
5 FIELDS WS, LEMAK NA. Joint study of extracranial arterial 
occlusion. X. Internal carotid artery occlusion. JAMA 1976; 235: 
2734-2738. 
6 COTE R, BARNETT HJM, TAYLOR DW. Internal Carotid Artery 
Occlusion: A prospective Study. Stroke 1983; 14: 898-902. 
7 FURLAN AJ, WHISNANT JP, BAKER HL. Long-term prognosis after 
carotid artery occlusion. Neurology 1980; 30: 986-988. 
8 NICHOLLS SC, BERGELIN R t STRANDNESS DE. Neurologic sequela of 
unilateral carotid artery occlusion; Immediate and late. J Vasc 
Surg 1989; 10: 542-548. 
9 HENNERICI M, HOLSBOMER HB, RAUTENBERG W / HEFTER H. 
Spontaneous history of asymptomatic internal carotid occlusion. 
Stroke 1986; 17: 718-722. 
10 FAUGHT WE, VAN BEMMELEN PS, MATTOS MA et al. Presentation 
and natural history of internal carotid artery occlusion. J Vasc 
Surg 1993; 18: 512-524. 
11 BocK RW, GRAY-WEALE AC, MOCK PA et al. The history of 
asymptomatic arotid artery disease. J Vasc Surg 1993; 17: 
160-171. 
12 CALLOW AD, MACKEY WC. Long-term follow-up of surgically 
managed carotid bifurcation atherosclerosis: justification for an 
aggressive approach. Ann Surg 1989; 210: 308-316. 
13 HERTZER NR, ARISON R. Cumulative stroke and survival ten years 
after carotid endarterectomy. J Vasc Surg 1985; 2: 661-668. 
14 BERNSTEIN EF, HUMBER PB, COLLINS GM, DILLEY RB, DEVIN JB, 
STUART SH. Life expectancy and late stroke following carotid 
endarterectomy. Ann Surg 1982; 19: 80-86. 
15 WASHBURN WK, MACKEY WC, BELKIN M, O'DONNELL TFJ. Late 
stroke after carotid endarterectomy: The role of recurrent 
stenosis. ] Vasc Surg 1992; 15: 1032-1037. 
16 NASCET. NORTH AMERICAN SYMPTOMATIC CAROTID ENDARTER- 
ECTOMY TRIAL COLLABORATORS. Beneficial effect of carotid endar- 
terectomy in symptomatic patients with high-grade carotid 
stenosis. New Engl ] Med 1991; 325: 445-453. 
17 ECST. EUROPEAN CAROTID SURGERY TRIALISTS COLLABORATIVE 
GROUP. MCR European Carotid Surgery Trial: interim results for 
symptomatic patients with severe (70-99%) or mild (0-29%) 
carotid stenosis. Lancet 1991; 337: 1235-1242. 
18 COUNTEE RW, VI]AYANATHAN T. Reconstitution of "totally" 
occluded internal carotid arteries. J Neurosurg 1979; 50: 
747-757. 
19 CLARK OHt MOORE WS, HALL AD. Radiographically occluded, 
anatomically patent carotid arteries. Arch Surg 1971; 102: 
604-606. 
20 CURL GR, RICOTTA JJ. The carotid string sign: Differential 
diagnosis and management. In: Veith FJ, ed. Current critical 
problems in vascular surgery. St. Louis: Quality Medical Publish- 
ing, Inc., 1995: 269-279. 
21 EHRENEELD WKt WYLIE EJ. Spontaneous dissection of the internal 
carotid artery. Arch Surg 1976; 111: 1294-1301. 
22 LIPPMAN HH, SUNDT TM, HOLMAN CB. The poststenotic carotid 
slim sign: spurious internal carotid hypoplasia. Mayo Clin Proc 
1970; 45: 762-767. 
23 BARNETT HJM, PEERLESS SJ, KAUFMANN JCE. "Stump" of internal 
carotid artery - A source of further cerebral embolic ischemia. 
Stroke 1978; 9: 448-456. 
24 FINKLESTEIN S, KLEINMAN GM, CUNEO R, BARINGER JR. Delayed 
stroke following carotid artery occlusion. Neurology 1980; 30: 
84-88. 
25 McCorMICK PW, SPETZLER RF, BAILES JE, ZABRAMSKI JM, FREY JL. 
Thrombendarterectomy of the symptomatic occluded internal 
carotid artery. ] Neurosurg 1992; 76: 752-758. 
26 HANKEY nJ/ WARLOW CPt SELLAR RJ. Cerebral angiographic risk 
in mild cerebrovascular disease. Stroke 1990; 21: 209-222. 
27 ARCHIE JPJ. Carotid endarterectomy when the distal internal 
carotid artery is small or poorly visualized. J Vasc Surg 1994; 19: 
23-31. 
28 DJINDJIAN Rz MERLAND J-J. Super-selective arteriography of the 
external carotid artery. New York: Springer-Verlag, 1978: 14-18. 
29 TURNIPSEED WD, VASKO JS, LUBOW M. Surgical management of
the totally occluded carotid artery. Surgery 1977; 82: 689-694. 
30 WELLING RE, CRANLEY JJ, KRAUSE RJ, HAFNER CD, ARBAUGH JJ/ 
ROEDERSHEIMER LR. Surgical therapy for recent otal occlusion of 
the internal carotid artery. J Vasc Surg 1984; 1: 57-61. 
31 HAFNER CD, TEW JM. Surgical management of the totally 
occluded internal carotid artery: A ten-year study. Surgery 1981; 
89: 710-717. 
32 HUGENHOLTZ H~ ELGIE RG. Carotid thrombendarterectomy: a 
reappraisal. J Neurosurg 1980; 53: 776-783. 
33 WILLINSKI R~ LASJAUNIAS P~ BERENSTEIN A. Intracavernous 
branches of the internal carotid artery (ICA). Surg RadioI Anat 
1987; 9: 201-215. 
34 MARGOLIS MT, NEWTON TH. Collateral pathways between the 
cavernous portion of the internal carotid and external carotid 
arteries. Radiology 1969; 93: 834-836. 
35 GERTLER JP, CAMBRIA RP. The role of external carotid endarter- 
ectomy in the treatment of ipsilateral internal carotid occlusion: 
Collective review. J Vasc Surg 1987; 6: 158-167. 
36 NICHOLLS SC, KOHLER TR, BERGELIN RO, PRIMOZICH JF, LAWRENCE 
RL, STRANDNESS DEJ. Carotid artery occlusion: Natural history. J 
Vasc Surg 1986; 4: 479-485. 
37 SITZER M, FCIRST G, FISCHER H et al. Between-method correlation 
in quantifying internal carotid artery stenosis. Stroke 1993; 24: 
1513-1518. 
38 RINGELSTEIN EB, BERG-DAMMER E, ZEUMER H. The so-called 
atheromatous pseudo-occlusion of the internal carotid artery. 
Neuroradiology 1983; 25: 147-155. 
39 BERMAN SS, BERNHARD VM, ERLY WK, MCINTYRE KE, ERDOES LS, 
HUNTER GC. Critical carotid artery stenosis: Diagnosis, timing of 
surger]6 and outcome. ] Vasc Surg 1994; 20: 499-510. 
40 O'LEARY DH, MATTLE H, POTTER JE. Atheromatous pseudo- 
occlusion of the internal carotid artery. Stroke 1989; 20: 
1168-1173. 
41 BRIDGERS SL. Clinical correlates of Doppler/ultrasound errors in 
the detection of internal carotid artery occlusion. Stroke 1989; 20: 
612-615. 
42 PEXMAN JH, WRIEDT CH, RICHARD TC. The significance of internal 
carotid artery occlusion shown by i.v. digital subtraction 
angiography. Am ] NeuroradioI 1987; 8: 485-488. 
43 STEINKE W, KLOETZSCH C, HENNERICI M. Carotid artery disease 
assessed by Doppler flow imaging: correlation with standard 
Doppler sonography and angiography. AJR 1990; 154: 
1061-1068. 
44 KESSLER C, MARAVIC VC, MARAVIC VIVI. KOMPF C. Colour Doppler 
flow imaging of the carotid arteries. Nehroradiology 1991; 33: 
114-117. 
45 GORTLER M, NIETHAMMER R~ WIDDER B. Differentiating subtotal 
carotid artery stenosis from occlusion by colour-coded uplex 
sonography. J Neurol 1994; 241: 301-315. 
46 MANSOUR MA, MATTOS MA, HOOD DB et al. Detection of total 
occlusion, sting sign, and preocclusive stenosis of the internal 
carotid artery by color-flow duplex scanning. Am ] Surg 1995; 
170: 154-158. 
Eur J Vasc Endovasc Surg Vol 12, October 1996 
320 H.W. Kniemeyer et aL 
47 GABRIELSEN TO, SEEGER JF, KNAKE JE, BURKE DP, STILWIL EW. The 
nearly occluded internal carotid artery: A diagnostic trap. 
Radiology 1981; 138: 611-618. Accepted 9 January 1996 
Eur J Vasc Endovasc Surg Vol 12, October 1996 
